Nowadays the contamination of water resources by the most varied pollutants have been accelerated. Technologies of decontamination of water are too costly, however, the development of low cost adsorbents, have proven to be efficient, promising and cheap alternatives for this purpose. The use of adsorbents from cassava residues has shown great potential for use as an adsorbent. The productive chain of this crop involves the production and processing of its roots, generating a large volume of solid waste. Aiming the sustainability of production systems, productive chains should optimize the production of cassava barks residues, since these do not present significant uses or benefit. In this scenario, this chapter gathers information from the literature on the use of solid waste from the cassava agroindustry and its use as adsorbents, aiming the removal of toxic metals, as well as their potential for the treatment of other contaminants. Several authors have demonstrated through studies the potentiality of the use of agroindustrial cassava residues as adsorbents. Because of a range of characteristics observed these adsorbents present viability for large-scale use, being in very similar to activated carbon. Thus, the use of these adsorbent materials represents an extremely viable and sustainable alternative.
Introduction
Cassava, Manihot esculenta Crantz, is a perennial and shrubby plant, native to the South American continent, probably from Brazil, since the Indians already cultivated cassava, when the country was discovered.
It is a plant well adapted to variations in temperature and rainfall, being found in areas of different edaphoclimatic conditions and between latitude of 30°N and 30°S. It is growing in regions from sea level up to 2300 m of the altitude and in areas considered marginal to other crops: soils with low fertility and annual rainfall less than 600 mm in the semi-arid or above 1500 mm in the humid and sub-humid tropics [1] .
The residues produced by the industrialization of cassava roots do not have many destinations; the main purpose is being animal feed [1] , which is an agroindustrial problem to be faced by the cassava production segment.
Another global problem that has been aggravating in the last decades concerns the organic and inorganic pollution of the waters, being the adsorption process is one of the most promising alternatives for the removal of these contaminants. In this context, commercial activated carbon is one of the most widely used adsorbents for a large variety of pollutants in water, but its high cost is one of its main disadvantages.
In this context, the adsorption of metallic pollutants is more promising when using natural adsorbents such as agroindustrial waste. These are a promising alternative for chemical remediation because of their high adsorption capacity, low cost, and high availability.
Several authors have been researching alternative biosorbents for the removal of metal ions from contaminated solutions, such as banana and orange barks [2] , cocoa barks [3] , dry mass of Eichhornia crassipes [4] , mussel shells [5] , and bagasse of natural and modified sugar cane [6] . However, few studies report the adsorptive capacity of the solid fraction of residues from the industrialization of cassava roots in the context of their use as natural or modified adsorbents in contaminated water.
It is important to emphasize some advantages of the use of plants residues to the treatment of wastewater. They are operational facility, low processing, good adsorption capacity, selective adsorption of metal ions, low cost, high availability, and easy regeneration [7] .
The subsequent items will describe some of the characteristics of the cassava crop, its agroindustrial residues, as well as reports on the hydrological contamination by toxic metals, and some results from studies describe the use of natural and modified adsorbents obtained from cassava agroindustrial residues as a viable possibility.
Production chain of cassava
Brazilian annual production of cassava has remained at 23 million tons [8] , while the harvested area has declined, giving way to the cultivation of other more profitable crops.
The consumption of natural cassava tends to lose space, as it moves away from the producer poles, because it is a perishable merchandise and it requires immediate consumption after harvest. Table 1 shows the data of the quantity produced in tons of cassava in recent years.
Cassava processing in Brazil is concentrated in flour. It is estimated that 80% of the roots are intended for this purpose. About 3% can be counted as being destined for the extraction of starch and its modifications, with the rest probably destined for animal feed [1] .
The processing of cassava roots generates solid residues called bark (bark + weaves), being the main destinations are animal feed and its use as biofertilizers. It is estimated, on average, that about 11 million cassava barks are produced annually only in Brazilian territory, and normally, the barks are disposed together with the bran/bagasse, which are supplied for animal feed or disposed to the soil for decomposition and incorporation of organic matter [9] . It should be noted that a greater amount of waste compose the cassava bagasse or bran, that represents the final residue of cassava starch extraction, and its main destination is animal feed.
Water contamination by metals
Only 0.8% of the water available on the planet can be easily used for public supply. Of this small fraction, only 3% is in the form of surface water, while the other 97% corresponds to groundwater. As important as the amount of available water is the water quality, because the quality of water around the planet has deteriorated more and more, especially in the last 50 years, mainly in the regions where industrial centers and high population density exist.
In fact, one of the major problems faced in the last decades is the water pollution, coming, in large part, to the inadequate management of pesticides, low quality of the water used in irrigation, and the indiscriminate disposition of industrial or domestic waste. This contamination can cause the The industry contaminates water by eviction of disinfectants, detergents, solvents, toxic metal ions, radioactive waste, petroleum products, agrochemicals, and other compounds in rivers and lakes. Among the metals, some are strongly polluting and have several harmful effects on ecosystems, causing physical and chemical changes in water and a decrease in their quality and the mortality of flora and fauna, and consequently, human health.
The expression heavy metal applies to elements having a specific mass greater than 5 g cm −3 or having an atomic number greater than 20. Some metals are used in the biological metabolism, and in this way, they can be considered essential, as is the case of Cu , and Cr
3+
, and at higher levels, they can become toxic. On the other hand, Pb 2+ and Cd 2+ are considered toxic even at low concentrations [4] .
For the treatment of contaminated water, there are several types of treatments considered conventional (physical, chemical, and biological), among which centrifugation, distillation, filtration, flocculation, sedimentation, ultrafiltration, electrodialysis, reverse osmosis, air entrainment, liquid-liquid extraction, catalysis, hydrolysis, neutralization, oxidation, reduction, precipitation, photolysis, ozonolysis, activated sludge, aerated lagoons, enzymatic treatments, and anaerobic digestion, among others can be mentioned. All these have advantages and disadvantages; however, it can be mentioned that the great majority is not always effective in the removal of small levels of metals without elevation of the costs.
In this scenario, the search for alternative adsorbents, which presents high availability and low cost of acquisition, can help and reduce the treatment of water and effluents with toxic metals. In the sequence, results from research that support this hypothesis will be presented.
Results from researches
4.1. Case of study: remediation of waters using solid wastes from the processing of cassava roots as biosorbents
The search for alternatives to conventional methods that have low cost and high efficiency pushed, in recent years, the research on the use of different biosorbents. Among the biosorbents that have been studied by several authors, cassava agroindustrial residues are also viable alternatives to their use as adsorbents. As presented by some authors, such as the studies, Schwantes et al. [9] applied the following solid residues of cassava: bark, bagasse, and the mixture of both, obtaining promising results for the use of these materials as natural adsorbents of Cu 2+ and Zn
2+
. Schwantes et al. [10] applied the biosorbents from bark, bagasse, and the mixture of both in the removal of Cr 3+ from contaminated water. Or also, Schwantes et al. [11] applied modified cassava barks with solutions 0.1 mol. As already commented in this chapter, the adsorption of metallic ions is extremely viable when using natural adsorbents such as, for example, industrial and agricultural waste. These adsorbents are a promising alternative for chemical remediation due to their great adsorption capacity, low cost, and high availability. In nature, there are a large number of biosorbents, which in their natural state and properly applied provide values of adsorption capacity similar or sometimes better than those presented by chemically modified materials.
In this way, it is known that the industrial processing of cassava generates significant quantities of waste that may cause serious environmental problems, and the correct treatment is rarely given to these residues. Some results of the literature will be demonstrated in the following items, which demonstrate the benefits of using cassava residues as adsorbents and their efficiency in the removal of pollutants from water.
Characterization of cassava residues and their possible use as adsorbents
It is usually observed that adsorbents with high capacity to remove pollutants from the environment have superficial structures varying from fibrous to spongy, with irregular structures and a large number of cavities on their surface.
Moreover, a good adsorbent is one that has a large number of active sites available for interaction with the species of interest. The sites are adsorption points constituted for one or more chemical functional groups distributed on the surface of the biosorbent. Clusters such as carboxyl, phenols, nitrogen groups, alkanes, and others may generate active sites that are favorable to adsorption of metallic species in addition to other pollutants.
Another outstanding characteristic in good adsorbents refers to textured parameters, such as high volume and varied pore diameters, aiming for adsorption of compounds with different ranges of hydration rays and perhaps the most outstanding characteristic and high-specific surface area.
According to the published studies [9] [10] [11] [12] [13] , residues of the cassava crop have potential in the use of adsorption processes in function of physical, chemical, and morphological characteristics.
When studying the morphology of the barks and bagasse of cassava, as well as the mixture of both, Schwantes et al. [9] and Schwantes et al. [10] observed that the surfaces of the biosorbents are endowed with fibrous and spongy aspect, with irregular and heterogeneous structure. Many of these cavities can be evidenced, demonstrating that the material presents characteristics that suggest favorable conditions for adsorption (Figure 1 ).
The infrared (IV) characterization contributes to the understanding of the dynamics or the adsorption mechanism, since it provides information about the functional groups present in the structure of the adsorbents [7] . The biosorption is the result of electrostatic interaction and formation of complexes between ions (pollutants) and functional groups of biomass [6] .
In the case of cassava agroindustrial residues, barks, bagasse, and their mixture, all in their natural form, Schwantes et al. [9] when applied them in the removal of Cu 2+ and Zn 2+ and Schwantes et al. [13] when used in the removal of glyphosate from water found the following characteristic bands for the infrared spectra: 3440, 2920, 1730, 1650, 1420, and 1030 cm Figure 2 , the presence of a big and strong band at 3440-3330 cm −1 is observed, which can be attributed to the vibrational elongation of the O-H bond, possibly characterized by the vibrational stretching of the hydroxyl groups present in carbohydrates, fatty acids, proteins, lignin units, cellulose, and absorbed water [14] , while the band at 2920 cm −1 can be attributed to a vibrational elongation of the C-H bond in alkanes. can be attributed to the vibrational stretching of the C-O link of amides and carboxylic groups. Peaks at 1030 cm −1 can be attributed to the C-O stretch [14] .
According to
The adsorption of metals by residues of plants, natural materials, and agroindustrial residues can be attributed to the presence of some functional groups such as lignin, alcohols, carboxylic groups, proteins, and carbohydrates [15] .
pH PZC , or point of zero charge, is defined as the pH at which the surface of the solid has a neutral charge [16] . When the pH > pH PZC , the surface of the adsorbent is electronegative, favoring the adsorption of cations; in case, if the pH < pH PZC , the surface of the adsorbent is electropositive, and in this state, H + ions compete with the metallic cations, repelling them of the surface decreasing the adsorption. The characterization of the adsorbent in relation to its point of zero charge is very important, since it will be possible to predict the behavior of surface charges that vary with the pH of the medium and that, in one way or another, may influence the adsorption process of pollutants, favoring their removal from the environment.
According to authors Schwantes et al. [9] , Schwantes et al. [10] , and Schwantes et al. [13] , the adsorbents originating of the cassava residues, bark, bagasse, and mixture of both, indicate that the pH corresponding to the equivalence point between positive and negative charges for the adsorbent bark is 6.00, for the bagasse material is 6.17, and for the mixture of both is
(Figure 2).
In this way, according to the cited authors, the adsorption of cations such as Cd , and others should be favored by pH values higher than the values found for pH PZC (6.00, 6.17, and 6.24 for bark, bagasse, and mixture, respectively).
It is important to remember that what is usually called the "cassava bark" in industry is the result of the cleaning of the roots in the moment of their reception in industry; in this time, the cassava barks are removed, as well as part what is denominated weaves. Both these residues constitute the first agroindustrial co-product. The average composition of the bark and bark + weaves (mixture), which configure the first agroindustrial residues related have the following composition ( Table 2) .
It is important to emphasize that the chemical composition of the adsorbent materials provides a basis for the verification of which chemical elements may possibly return the solution during the exposure of the adsorbent to the medium, since there is always the possibility of the occurrence of the inverse process called desorption.
Another very important aspect relative to the chemical composition of the materials is about the presence or absence of the component to be removed in the structure of the adsorbent. For example, a natural adsorbent whose composition is rich in Zn is possibly not efficient for the removal of this metal from solution and can increase the Zn concentration in the solution because of the diffusion of this from adsorbent to the medium.
When evaluating the natural adsorbents from the residues of cassava roots, Schwantes et al. [9] and Schwantes et al. [10] found higher concentrations for K, Ca, Mg, Cu, Fe, Mn, and Zn in the cassava barks, when compared to bagasse and the mixture of both. This result is possibly because of the fact that the bagasse is the result of an industrial chemical and physical processing, where there is isolation and extraction of the starch, resulting in the removal of part of these chemical elements.
The authors also emphasize the presence of small concentrations of Pb in the adsorbent materials evaluated (Table 3) , which according to the researchers may be an indication of the presence of this toxic metal in the soil, which was absorbed by the roots of cassava during growth and development of culture in the countryside.
It should be noted that soil contamination by toxic metals, such as Pb, could have different origin, for example, from inadequate disposal of Pb batteries, contaminated effluents, and disposal of contaminated waste in soil, atmospheric pollution originated of the burning fossil fuels containing Pb, pollution and atmospheric deposition from industries that work with Pb, and the use of fertilizers and agricultural inputs [17] .
Experimental results involving natural adsorbents of cassava and remediation of toxic heavy METAS in waters
According to researchers in the literature that relate the use of adsorbent materials based on residual biomass of cassava and removal of metals from water, cassava biosorbents are efficient in the removal of metals such as Cd The literature mention results where the influence of the pH of the medium is evaluated, the proportion between adsorbent and the volume of the adsorbate, adsorption kinetics, Cassavaequilibrium studies, as well as the potential reuse of these materials in other sorption processes. Some of these results will be described further in the next items in this chapter.
Influence of the pH of the contaminant solution and the proportion between cassava biosorbents and adsorbate
The pH is one of the most important parameters in the adsorption process, because its interference occurs in the solid-solution interface, influencing the loads of the active sites of the biomass and in the behavior of the adsorbates. The pH controls the surface properties of the adsorbents, functional groups, and ionic state of the metallic species, affecting a lot the adsorption of metallic ions [15] . This occurs because in acidic pH, the H + ions strongly compete between them and with the metals in solution by the active sites in the adsorbent. At basic pH, the connection sites may not be activated as a function of pH, or precipitation of these metals can occur, and it does not occur as contact between adsorbent/adsorbate.
According to Mimura et al. [16] , the adsorption of metallic species in the positive form will be favored at the pH in which negative species predominate on the adsorbent surface. As verified in Figure 3 , proportions between adsorbent/adsorbate higher than 4 g.L −1 do not result in high removal of ions. Also can be observed that there is a little variation of the % removal in the studied pH range; however, it should be considered that metals such as Cd and Pb present an easy precipitation in pH ranges close to neutrality, making the adsorption process impracticable under these chemical conditions.
The authors of Figure 3 mention that these tests were executed in low concentrations (10 mg.L −1 ), being, therefore, the adsorbent materials bark, bagasse, and mixture capable of almost completely removing the contents of Cd 2+ and Pb 2+ from contaminated solutions. It can be observed that in the studied pH range, the removal reached values higher than 90% in all materials, especially the adsorbent consisting of "bark + bagasse," which almost completely removed the metals contained in the contaminant solution. According to the authors of this study, 4 Other authors also verified removal percentages of varied metals similar to those found for cassava adsorbents, and the pH range studied, because it was slightly acidic, did not cause great influences in the adsorption process, for example, in the case of the adsorbent materials using barks of Pinus elliottii [19] , rice barks [10] , peanut barks [20] , among others.
Contact time influences between cassava biosorbents and metals
Another relation that must be observed because of its importance is the influence of the contact time between adsorbent and adsorbate also called adsorption kinetics. The kinetics of this process is dependent on the relative velocity between four successive stages: transport within the solution, transport by diffusion, transport through the pores, and adsorption.
In the Figure 4 , it is possible to observe that, independent of the metal ion, Cd 2+ or Pb
2+
, or adsorbent material studied, occurs an increase in the adsorption process with the passage of time, and that in general, after 20 min of agitation, the system enters into dynamic equilibrium, indicating a quick adsorption. It is also possible to observe that the material denominated mixture presents adsorption superior for Cd 2+ and Pb
, demonstrating that even in low concentrations, the mixture of the two materials (barks + bagasse) produces superior results than acting in isolation.
By linearizing these results according to the Pseudo-second order [21] and intraparticle diffusion models, as cited by Yang and Al-Duri [22] , we have the following results. [21] , the pseudo-second-order model presents a good fit for many adsorbent and polluting materials, which are not different for cassava biosorbents studied by Schwantes et al. [12] , Schwantes et al. [13] , and Schwantes [18] . These authors suggest , that is, with the occurrence of chemical bonds between the polluting metal and the adsorbent biomass. Figure 5 can be observed that the author Schwantes [18] fragmented the contact time between adsorbent and adsorbate and their close relationship with the adsorption capacity of Cd 2+ in several lines, searching for multilinearity. According Neta et al. [23] , when performing the fragmentation for the data, there is the possibility of graphically observing the phenomenon of movement of adsorbate into adsorbent particle.
According Ho and McKay
In the case of adsorbents based on cassava residues, for Cd 2+ adsorption, we can observe two to three phases in the retention process of this metal, the first phase being represented by the boundary layer effect, with external mass transfer, in that Cd 2+ ions are rapidly adsorbed by 
the cassava adsorbents. After a certain time, the adsorption velocity decreases, resulting in the second phase that refers to the diffusion of the molecules to the adsorption sites inside the adsorbent [23] . Finally, in the third and last phase, equilibrium is observed, that is, the intraparticle diffusion begins to decay because of the low concentration of solute in the solution as well as a lower availability of sites for adsorption.
Adsorption equilibrium studies in cassava biosorbents
According to published studies [12, 18] , the adsorbent materials based on natural cassava, under some specific conditions, may present efficiency close to that of activated carbon (Figure 6 ). It is important to emphasize that commercial activated carbon is the result of physical and chemical modifications, and the production costs of this material are high, while the natural adsorbents present low cost and high availability, since they rarely have a final destination that adds value to the product; in most cases, they are only agroindustry waste.
As presented in Figure 6 , in relation to the adsorption of Cd 2+ , it is observed that the adsorption capacity of the biosorbents decreases significantly with the increase in the initial concentration (C 0 ), whereas the adsorbent activated carbon (AC) also decreases, however, in a smaller proportion.
According to authors Schwantes et al. [12] , the adsorbents based in cassava (barks, bagasse, and mixture) showed high values of Q eq for the metal ion Pb 2+ (Figure 6 ), comparable to the adsorbent activated carbon, which removed Pb According to Giles [24] , the isotherms in the Figure 7 fit in the "L group" (of Langmuir) and in the subgroup "1," this subgroup indicates slow saturation of the surface and characteristics of adsorbent materials of high adsorption capacity. Langmuir, Freundlich, and . Source: Refs. [12, 18] .
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Dubinin-Radushkevich (D-R) models linearized the results presented in the isotherms in Figure 7 , for Schwantes [18] and Schwantes et al. [12] , presented in Table 4 . Some results presented by Schwantes [18] ), suggesting that the natural adsorbents of cassava, even if they constitute residual biomass, present great potential in the removal of this metal toxic.
It can be observed that cassava bark shows adsorption of Cd
The model of Dubinin-Radushkevich (D-R), according Schwantes [18] and Schwantes et al. [12] , explains satisfactorily the adsorption of Cd 2+ and Pb 2+ by the cassava adsorbents, presented a good fit (R 2 ) ( Table 4) . According to Table 4 , the values of "E" in the majority of the cases assume values superior to 8 KJ.mol −1 , suggesting predominance of chemical adsorption [7] to cassava biosorbents. It indicates that the quantity of the toxic metal adsorbed by cassava biomass, in normal conditions, rarely returns to the solution, being this result, according to the interpretation of the authors of this chapter, a great advantage to decontamination of the waters containing toxic metals.
Possibility of reuse of the cassava biosorbents
The desorption phenomenon, according to Mimura et al. [16] , corresponds to the removal of the metal from the connecting site of the surface of the adsorbent; for this, usually, it used acids in solution containing the adsorbents after sorption, so that H + ions can replace the ; 400 mg; pH 5.5, 60 min; 200 rpm; 25°C). Source: Refs. [12, 18] .
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http://dx.doi.org/10.5772/intechopen.71048adsorbed cations by the ion exchange mechanism. For this practice, it is fundamental knowledge of the interaction characteristics between the adsorbate and the adsorbent for their resistance for reuse purposes in new adsorption processes. Figure 8 shows that the recuperation of the material in acid solution (HCl) is high, varying by 60% to near of 90% to cassava adsorbents used in the removal of Cd [9] . However, it is observed that, when using the adsorbents of cassava to 
Case studies: chemical modifications to cassava biosorbents and their use in the removal of toxic metals in waters
As already mentioned in this chapter, a good adsorbent is one that has a large number of active sites available for interaction with the polluting species of interest. The sites are adsorption points consisted of one or more chemical functional groups distributed on the surface of the biosorbent. It is important to emphasize that some biosorbents may have their surfaces chemically modified in order to increase the amount of active sites and, consequently, to increase the adsorption capacity of metallic ions.
As mentioned above, it is not novelty to use modifying agents in improving the characteristics of the adsorbents. The literature reports the use of chemically modified adsorbents and their use in the removal of metals, agrochemicals and other pollutants from liquid solution, such as modified adsorbents with HCl [28] The principal modifications included delignification, esterification of carboxyl and phosphate groups, methylation of amine groups and hydrolysis of carboxylate groups, acid treatments, basic treatments, and peroxide treatments, among others cited in the literature.
The aforementioned modifications aim to eliminate the coloration, turbidity, and other unfavorable characteristics of the treated water (after adsorption), as well as increase the adsorptive capacity of metals and other pollutants [7] .
In contrast, when using acid treatments to plant biomass, such as sulfuric acid, hydrochloric, or nitric acid, all in their diluted form, the hydrolysis of cellulose is accelerated, resulting in a higher capacity of adsorption of the resulting adsorbents.
It is important to mention that this whole modification process generally does not overtax the final product, that is, this process results in adsorbents of greater adsorption capacity without generating great costs to the final adsorbent.
Related to the use of modified cassava adsorbents, the literature is scarce. Schwantes et al. Without these citations, the literature presents failures (with the exception of the methods to production of activated carbon), while other chemical and/or physical modifications applied to biosorbents originated from cassava agroindustry, being necessary for more studies about this topic. In the subsequent items, the physical, chemical, and morphological characteristics obtained by the authors aforesaid to the adsorbents M. H 2 O 2 , M. H 2 SO 4, and M. NaOH, as well as the adsorption capacity of various polluting ions will be described.
Characterization of the cassava-modified adsorbents and their possible utilization in the removal of toxic metals
According to Schwantes et al. [9] and Schwantes et al. [10] , the micrographs observed in Figure 9a , to the adsorbent M. in natura, showed a surface with spongy and fibrous aspect, with irregular and heterogeneous structure. Some spheres present in the micrograph can be noted, possibly indicating the presence of residual starch granules from the originating material. It is also observed that the modified adsorbents (Figure 9b-d) have a surface that remind the originating material (Figure 9a) , however, with some differential aspects depending on each treatment applied.
As can be seen in Figure 9b- 4 , and NaOH, respectively, the modified adsorbents retain the characteristics of their precursor (M. in natura, Figure 9a ), however, with some marked modifications. In these cases, structures that remember the cells of the original plant are observed.
Hydrogen peroxide, a powerful oxidizing agent, caused some changes in the surface of the adsorbent M. H 2 O 2 . It is observed in Figure 9b that M. H 2 O 2 presents with heterogeneous surface, remembering the form of scales. In Figure 9c , referring to M. H 2 SO 4 , unlike the others, a relatively homogeneous surface is observed, with a flat structure, apparently little porous, reminding the shape of scales, also presenting some prominent cracks, possibly because of the dehydration from sulphuric acid, which is a powerful dehydrator.
Caustic soda is a strong, highly soluble, and recognizably corrosive base that, upon contact with the cassava barks, caused changes in its surface structure, as shown in Figure 9d , which illustrates an irregular, heterogeneous surface with cracks (breaks) of the adsorbent, with a surface that reminds scales.
As previously mentioned in this chapter, one of the main objectives of the application of chemical modifications in biosorbents is the promotion of new functional groups, aiming to increase the adsorption capacity by the modified biomass. According to the observation in Cassavathe studies of Schwantes et al. [9] and Schwantes et al. [10] , the infrared spectra of the natural adsorbent, when superimposed on the modified cassava adsorbents, contrast with the appearance of some peaks, such as in 2855, 1161, and 579 cm In general, the authors corroborate that the results obtained in the infrared spectra suggest that solutions of H 2 O 2 , H 2 SO 4 , and NaOH caused modifications of cassava barks, forming functional groups that may provide adsorbents with good sorption characteristics.
In the treatment of biomass of cassava barks with modifying solutions, changes in the point of zero charge occur because the material M. in natura presented pH PZC of 6.02 [9, 10] , and after modifications, this value was changed to 3.98 in the modification with H 2 O 2 , 2.05 for modification with H 2 SO 4 , and about 7.07 for modification with NaOH [11] (Figure 10 ).
The adsorption of metal cations is favored when they are in solutions in which the pH values are higher than pH PZC , because in these cases, the surface of the adsorbent presents predominance of the negative charges. These results suggest that the simple washing of the adsorbent materials of cassava can change the point of zero charge of the adsorbent; in other words, the point of zero charge of an adsorbent can be handled, according to the need for values higher or lower than the biosorbent of origin.
Another curious fact is the simple washing of the cassava biosorbent with modifying solutions caused extraction of part of the constituent elements of the biomass, as evidenced in Table 5 . Figure 10 . In the left: infrared spectra for adsorbents based in natural cassava barks [9, 10] and modified with H 2 O 2 , H 2 SO 4 , and NaOH. Source: The authors. In the right: pH PZC of adsorbents M. in natura [9, 10] , M. H 2 O 2 , M. H 2 SO 4 , and M. NaOH [11] .
According to Schwantes et al. [11] , the modifying agents act as extractors of the metallic elements in the biosorbent, with reduction of K (67%), Ca (84%), Mg (81%), Cu (70%), Fe (1%), and Pb (20%) to the cassava adsorbent modified with H 2 O 2 . As for the adsorbent modified with H 2 SO 4 , it can evidence the reduction of K (76%), Ca (90%), Mg (94%), Cu (70%), Zn (36%), Mn (6%), Fe (1%), and Pb (61%), while for the adsorbent modified with NaOH, it resulted in reduction of K (53%), Ca (81%), Mg (78%), Cu (67%), Mn (1%), Fe (1%), and Pb (12%).
This possibly occurs in function of the actions of modifying solutions (H 2 O 2 , H 2 SO 4 , and NaOH), in addition to the loss of these metals caused by the postmodification washing, eliminating a good part of these elements. It is important to emphasize the high reductions of the metal contents when using the modifying solution of H 2 SO 4 , a strong acid, recognized as a potent dehydrator [11] .
As previously quoted in this chapter, one of the many characteristics of a good adsorbent is the high-specific surface area, as well as considerable values for the pore volume parameters and a good distribution to the average diameters of these values.
In the Table 6 , it can be seen that the specific surface area (SSA) of the cassava adsorbents ), but similar to the other residues of low economic value, such as Oliveira et al. [33] ). Pores with diameter situated between 2.0 and 50.0 nm are considered mesoporous, being the cassava adsorbents are predominantly microporous and, to a lesser degree, mesoporous ( Table 6) .
Although low surface area and low pore volume, which are initially disadvantages the adsorption process, this is not the only determining condition in a high-pollutant remediation capacity of the adsorbent.
Experimental results involving modified adsorvents of cassava and remediation of toxic metals in waters

Influences of the pH of the contaminant solution and the proportion between the cassava-modified adsorbents and metallic adsorbents
Schwantes et al. [11] , when evaluating the influence of different pH ranges and modified adsorbent mass on the removal of Cd 2+ , Pb 2+ , and Cr
3+
, observed significant difference in relation to the amount of mass of the adsorbents studied.
These results demonstrate that the adsorbents of cassava in their natural form and modified with H 2 O 2 , H 2 SO 4 , and NaOH depend closely on the amount of adsorbent used but did not show this relationship with the pH variable in the range studied by the authors, which was 3.60-7.00. The removal of metals from the solutions was higher for the lower masses tested by the authors (close to 4 g.L −1
), according to Figure 11 .
In a similar study, in which activated carbon with ZnCl 2 was produced from residues of cassava bark, with the purpose of using it to remove Pb 2+ from contaminated water, there was also an increase in the removal efficiency of Pb 2+ as the doses of mass of the adsorbents studied by the authors increased, reaching efficiency of 74% [35] . . Source: Schwantes et al. [11] .
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These authors point out that the higher dosage of adsorbents increases adsorption, and this is mainly because the greater number of surfaces and functional groups of the adsorbents, with which the metal can interact, as well as to an improvement in the dissolved oxygen value and a reduction in the electrical conductivity of the wastewater, that may occur as a function of higher doses of the adsorbent used.
According to Ilaboya et al. [35] that tested pHs between 2 and 12, observed that the metallic ions removal of the samples they evaluated were related to the pH of the samples, observing that the amount of Pb 2+ ions removed raised to pH 8 and then began to decrease, they considered that the pH together with the temperature were the most effective variables for adsorption of ions of this metal.
The elevation of Pb 2+ removal as the pH is high may be related to the lower occurrence of hydrogen ions and the decrease of positive charges on the surface of the adsorbent, resulting in lower electrostatic repulsive forces between the surface and the ions of the metal.
According to Schwantes et al. [11] , the fact that in their studies, the pH range studied did not influence the adsorption process is an excellent result, because the adsorbents proposed by the authors can be used in waters and effluents with different pH values, without affecting the removal efficiency of these pollutants.
The fact that the results observed by Ilaboya et al. [35] and Schwantes et al. [11] differ in the behavior of removal as a function of pH may have relation with the form of activation of the material used (cassava barks). In addition, Ilaboya et al. [35] used physical activation through pyrolysis, which changes the characteristics of the adsorbent, demonstrating that adsorbent materials from cassava barks have several possibilities of use. In addition, it should be remembered that the activation reagent in these cases differed.
Although the differences occurred in both works, it is possible to observe that the use of adsorbents of cassava barks is efficient in cases when it is activated only chemically and in cases where physical and chemical activation occurs, that is, with addition of pyrolysis.
It is important to emphasize that in all the researches mentioned above, the proportion between the adsorbent mass and the volume of contaminated water is one of the great differentials of this technology, since the higher adsorption efficiencies of metals occur with values around 4-5 g of adsorbent per liter of adsorbate.
Contact time influences between modified cassava adsorbents and toxic metals
According to study conducted by published by Schwantes et al. [11] , showed in Figure 12 , it can be observed that after 20-40 min of contact time with the modified cassava adsorbents, in solutions containing 10 mg.L −1 of Cd 2+ and Pb
2+
, the system enters in dynamic equilibrium. The process of adsorption of these metals by the modified cassava adsorbents is a fast process, easily applicable in large scale. Figure 12 the linear model of Pseudosecond order, proposed by Ho and McKay [21] , being observed good mathematical adjustments (R 2 ), suggesting in this way the occurrence of chemical adsorption of Cd 2+ and Pb 2+ by the adsorbents of cassava modified with H 2 O 2 , H 2 SO 4 , and NaOH.
Schwantes et al. (2016) applied the results obtained in
Equilibrium studies of adsorption in modified cassava adsorbents
In the studies of Schwantes et al. [11] (Table 7) .
Comparing the results published by Schwantes et al. [12] and Schwantes et al. [11] , increases in the maximum capacity of adsorption of Cd 2+ and Pb
2+
by cassava barks about 17 and 45%, respectively, can be observed, when compared to the unmodified adsorbent. Moreover, it is observed that the modification of the cassava bark with NaOH generated an adsorbent with adsorption capacity of Cd 2+ similar to the commercial activated carbon tested by Schwantes et al. [12] . This result is an unprecedented and very interesting result from the point of economic view, since the cost of acquiring commercial activated carbon is several times higher than that of the modified adsorbent of cassava barks. In addition, these authors observed good adjustments for the Freundlich The models of Langmuir and Freundlich also were studied by Omotosho and Sangodoyin [36] to linearize the adsorption data obtained by investigating the efficiency of the cassava bark carbon activated with zinc chloride at the activation levels of 1:3, 2:3, and 1:1 in the removal of NO 3 − wastewater from cassava processing.
The results linearized by Langmuir for the four levels of activation of that author show that all had coefficients values (R 2 ) between 0.972 and 0.994. These results demonstrate, as verified by Schwantes et al. [11] , which the material followed the assumptions of Langmuir theory, that is, the carbon surface was adsorbing at specific monolayer sites, the authors concluded that this characteristic implies that the activated carbon of cassava barks without and with chemical activation are effective adsorbents.
Possibility of reuse of the cassava-modified adsorbents
When evaluated the possibility of reuse of the cassava-modified adsorbents, Schwantes et al. [11] , when proceeding the acid elution with HCl 0. According to the authors, the results about the desorption of the metallic ions confirm the possibility of reuse of the adsorbents through the action of a strong acid solution, which promotes the extraction of these elements from the active site, as observed for the use of adsorbents of cassava for Cd 2+ and Pb 2+ .
However, it is observed that when the modified adsorbents are used in Cr 3+ adsorption cycles, low desorption values are observed, which, according to Schwantes et al. (2016) , is a strong indication that this ion is adsorbed by chemical bonds (chemisorption), which makes it impossible to reuse them in new sorting cycles. This effect was observed for other authors noted by the literature, such as jatropha seed pie [37] , cassava barks in their natural form [11] , and others.
Final considerations
The use of these adsorbent materials from cassava residual biomass is a viable alternative in the removal of water pollutants, since they represent an important increase in the cassava agroindustrial chain. The reuse of these materials is in according to the sustainability, since
